The aim of the study was to evaluate whether significant changes in the prostatic tissue levels of ratios Rb/trace element contents exist in the malignantly transformed prostate. Contents of Rb and other 42 trace elements [Ag, Al, Au, B, Be, Bi, Br, Cd, Ce, Co, Cr, Cs, Dy, Er, Fe, Gd, Hg, Ho, La, Li, Mn, Mo, Nb, Nd, Ni, Pb, Pr, Sb, Sc, Se, Sm, Sn, Tb, Th, Ti, Tl, Tm, U, Y, Yb, Zn, and Zr] in normal [N, n=37], benign hypertrophic [BPH, n=32], and cancerous human prostate [PCa, n=60] were investigated. Measurements of trace element contents were performed using a combination of neutron activation analysis and inductively coupled plasma mass spectrometry. Then the levels of ratios Rb/trace element contents in every sample were calculated. It was observed that the ratio to Rb of Ag, Al, Au, B, Be, Bi, Br, Ce, Cr, Cs, Dy, Er, Fe, Gd, Hg, Ho, La, Li, Mn, Nd, Ni, Pb, Pr, Sb, Sm, Sn, Tb, Th, Ti, Tl, Tm, U, Y, Yb, and Zr mass fraction were significantly lower in cancerous tissues than in normal and BPH prostate. Finally, we propose to use the Rb/Ag, Rb/Al, Rb/B, Rb/Be, Rb/Bi, Rb/Br, Rb/Ce, Rb/Li, Rb/Mn, Rb/Pr, Rb/Sm, Rb/Sn, Rb/Th, Rb/Tl, and Rb/Zr mass fraction ratios in a needle-biopsy core as an accurate tool to diagnose prostate cancer. Further studies on larger number of samples are required to confirm our findings and to investigate the impact of the trace element relationships on prostate cancer etiology.
Introduction:
The prostate gland may be a source of many health problems in men past middle age, the most common benign prostatic hyperplasia [BPH] , and prostatic carcinoma [PCa] . BPH is a noncancerous enlargement of the prostate gland leading to obstruction of the urethra and can significantly impair quality of life. The prevalence of histological BPH is found in approximately 50-60% of males age 40-50 and greater than 90% of men over 70 years old [1, 2] . In many Western industrialized countries, including North America, PCa is the most frequently diagnosed form of noncutaneous malignancy in males. Except for lung cancer, PCa is the leading cause of death from cancer [3] [4] [5] [6] [7] [8] . Although the etiology of BPH and PCa is unknown, some trace elements have been highlighted in the literature in relation to the development of these prostate diseases .
Trace elements have essential physiological functions such as maintenance and regulation of cell function and signalling, gene regulation, activation or inhibition of enzymatic reactions, neurotransmission, and regulation of membrane function. Essential or toxic [mutagenic, carcinogenic] properties of trace elements depend on tissue-specific need or tolerance, respectively [30] . Excessive accumulation, deficiency or an imbalance of the trace elements may disturb the cell functions and may result in cellular degeneration, death and malignant transformation [30] .
In earlier reported studies significant changes of trace element contents in hyperplastic and cancerous prostate in comparison with those in the normal prostatic tissue were observed. Moreover, a significant informative value of Zn/Rb content as a tumor marker for PCa diagnostics was shown by us [69, 70] . Hence it is possible that besides Zn, the ratio of Rb to
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other trace elements also can be used as tumor markers for distinguish between benign and malignant prostate. Currently number of methods was applied for the measurement of chemical elements contents in samples of human tissue. Among these methods, the instrumental neutron activation analysis [INAA] is a non-destructive and one of the most sensitive techniques. It allows measure the chemical element contents in few milligrams tissue without any treatment of sample. Analytical studies of the Ag, Br, Ca, Co, Cr, Fe, Hg, K, Mg, Mn, Na, Sb, Sc, Se, and Zn contents in normal, BPH and PCa tissue were done by us using INAA [14, 15, 20, 27, 28, 53, 54, [60] [61] [62] 64] . Nondestructive method of analysis avoids the possibility of changing the content of trace elements in the studied samples [71] [72] [73] [74] , which allowed for the first time to obtain reliable results. In particular, it was shown that the average mass fraction of Co, Cr, Hg, Sb, and Se in BPH were higher than normal levels [66] . In adenocarcinoma of prostate the mean values of Ag, Br, Cr, Fe, Hg, Mn, and Sb were higher, while those of Ca, Co, Mg, Rb, Sc, and Zn were lower than in healthy prostatic tissue [60, 61, 67, 68] . Obtained results formed the basis for a new method for differential diagnosis of BPH and PCa, the essence of which was to determine the ratios of chemical element contents changed in opposite directions during malignant transformation of prostate.
It is obvious that the most effective will be non-destructive analytical methods, because they involve a minimal treatment of sample, since the chances of significant loss or contamination would be decreased. However, instrumental neutron activation analysis with high resolution spectrometry of long-lived radionuclides [INAA-LLR] allows only determine the mean mass fractions of 10-11 trace elements in the samples of normal and cancerous prostate glands [15, 28] . The inductively coupled plasma mass spectrometry [ICP-MS] is more power analytical tool than INAA-LLR [18] , but sample digestion is a critical step in elemental analysis by this method. In the present study two these analytical methods were used and the results, obtained for some trace elements by ICP-MS, were under the control of INAA-LLR data.
The present study had three aims. The main objective was to obtain reliable results about the 43 trace elements: Ag, Al, Au, B, Be, Bi, Br, Cd, Ce, Co, Cr, Cs, Dy, Er, Fe, Gd, Hg, Ho, La, Li, Mn, Mo, Nb, Nd, Ni, Pb, Pr, Rb, Sb, Sc, Se, Sm, Sn, Tb, Th, Ti, Tl, Tm, U, Y, Yb, Zn, and Zr contents in intact prostate of healthy men aged over 40 years and also in the prostate gland of agematched patients, who had either BPH or PCa, combining in consecutive order non-destructive INAA-LLR with destructive ICP-MS method. The second aim was to calculate Rb/trace element content ratios and compare the levels of these ratios in normal, hyperplastic, and cancerous prostate. The third and final aim was to evaluate the ratios of Rb/trace element contents for diagnosis of prostate cancer.
All studies were approved by the Ethical Committees of the Medical Radiological Research Centre, Obninsk. 
Material and Methods
Instrumentation and Methods:
A vertical channel of a nuclear reactor was applied to determine the trace element mass fractions by INAA-LLR. The quartz ampoule with prostate samples and certified reference materials was soldered, positioned in a transport aluminum container and exposed to a 24-hour neutron irradiation in a vertical channel with a neutron flux of 1. Co 1332 keV line. Other details of the INAA-LLR analysis were presented in our previous publication [15] . An ICP-MS Thermo-Fisher "X-7" Spectrometer [Thermo Electron, USA] was used to determine the content of trace elements by ICP-MS. The element concentrations in aqueous solutions were determined by the quantitative method using multi elemental calibration solutions ICP-MS-68A and ICP-AM-6-A produced by High-Purity Standards [Charleston, SC 29423, USA]. Indium was used as an internal standard in all measurements. Information detailing with the ICP-MS method used was presented in our previous publication [18] . [15, 18] .
Certified
Computer Programs and Statistic:
A dedicated computer program for INAA mode optimization was used [76] . All prostate samples for INAA-LLR were prepared in duplicate and mean values of trace element contents were used in final calculation. For elements investigated by both INAA-LLR and ICP-MS methods the mean of all results was used. Using the Microsoft Office Excel software Rb/trace element contents for each trace element in every sample were calculated. Then arithmetic mean ±standard errors of mean were calculated for trace element mass fraction and for ratios of Rb/trace element mass fraction in normal, benign hyperplastic and cancerous prostate. The difference in the results between BPH and N, PCa and N, as well as PCa and BPH was evaluated by parametric Student's t-test and non-parametric Wilcoxon-Mann-Whitney U-test. Values of p<0.05 were considered to be statistically significant. For the construction of "individual data sets for Rb/trace element mass fraction ratios in normal, benign hypertrophic and cancerous prostate" diagrams the Microsoft Office Excel software was also used. Tables 1 and 2 The ratios of means and the difference between mean values of the Rb/trace element mass fraction ratios in normal, benign hypertrophic and cancerous prostate are presented in Table 5 . Individual data sets for Rb/Ag, Rb/Al, Rb/B, Rb/Be, Rb/Bi, Rb/Br, Rb/Ce, Rb/Li, Rb/Mn, Rb/Pr, Rb/Sm, Rb/Sn, Rb/Th, Rb/Tl, and Rb/Zr mass fraction ratios in all investigated samples of normal, benign hypertrophic and cancerous prostate, respectively, are shown in Figure 1 . (1), benign hypertrophic (2) and cancerous (3) prostate. 
Results:
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Discussion:
As was shown by us [14, 15, 17, 18] Table 5 , it is observed that in benign hypertrophic tissues the Rb/Ag, Rb/Al, Rb/Au, Rb//Be, Rb//Br, Rb//Cd, Rb//Co, Rb//Fe, Rb///Li, Rb/Mn, Rb//Nb, Rb//Ni, Rb//Sc, Rb//Th, Rb//Ti, Rb//Tl, Rb//Yb, and Rb//Zn mass fraction ratios not differ from normal levels, but the mass fraction ratios of Rb//Ce, Rb//Cs, Rb/Dy, Rb//Er, Rb//Gd, Rb//Ho, Rb//La, Rb//Mo, Rb/Nd, Rb/Pb, Rb/Pr, Rb/Sm, Rb/Sn, Rb/Tb, Rb/Tm, Rb/U, and Rb/Y are higher, while the mass fraction ratios of Rb//B, Rb/Bi, Rb/Cr, Rb/Hg, Rb/Sb, Rb/Se, and Rb/ Zr are significantly lower. In cancerous tissue the all Rb/trace element mass fraction ratios investigated in the study are significantly lower, than in BPH and normal prostate, with the exception of Rb/Cd, Rb/Co, Rb/Mo, Rb/Nb, Rb/Sc, Rb/Se and Rb/Zn ratios. Analysis of the mass fraction ratios for trace element in prostate tissue could become a powerful diagnostic tool. To a large extent, the resumption of the search for new methods for early diagnosis of PCa was due to experience gained in a critical assessment of the limited capacity of the prostate specific antigen [PSA] serum test [77, 78] . In addition to the PSA serum test and morphological study of needlebiopsy cores of the prostate, the development of other highly precise testing methods seems to be very useful. Experimental conditions of the present study were approximated to the hospital conditions as closely as possible. In BPH and PCa cases we analyzed a part of the material obtained from a puncture transrectal biopsy of the indurated site in the prostate. Therefore, our data allow us to evaluate adequately the importance of Rb/trace element mass fraction ratios for the diagnosis of PCa. As is evident from Table 5 and, particularly, from individual data sets [ Fig. 1] , the for Rb/Ag, Rb/Al, Rb/B, Rb/Be, Rb/Bi, Rb/Br, Rb/Ce, Rb/Li, Rb/Mn, Rb/ Pr, Rb/Sm, Rb/Sn, Rb/Th, Rb/Tl, and Rb/Zr mass fraction ratios are potentially the most informative test for a differential diagnosis. For example, if 90 is the value of Rb/Ag mass fraction ratio assumed to be the upper limit for PCa [ The number of people [samples] examined was taken into account for calculation of confidence intervals [79] . In other words, if Rb/Ag mass fraction ratio in a prostate biopsy sample is lower 90, one could diagnose a malignant tumor with an accuracy 93±3%. Thus, using the Rb/Ag mass fraction ratio-test makes it possible to diagnose cancer in 90±6% cases [sensitivity] . The same way parameters of the importance [sensitivity, specificity and accuracy] of for Rb/Ag, Rb/Al, Rb/B, Rb/Be, Rb/Bi, Rb/Br, Rb/Ce, Rb/Li, Rb/Mn, Rb/Pr, Rb/ Sm, Rb/Sn, Rb/Th, Rb/Tl, and Rb/Zr mass fraction ratios for the diagnosis of PCa were calculated [ Table 6 ].
Conclusion:
The combination of nondestructive INAA-LLR and destructive ICP-MS methods is satisfactory analytical tool for the precise determination of 43 trace element mass fractions in the tissue samples of normal, BPH and carcinomatous prostate glands. The sequential application of these methods allowed precise quantitative determinations of mean mass fraction of Ag, Al, Au, B, Be, Bi, Br, Cd, Ce, Co, Cr, Cs, Dy, Er, Fe, Gd, Hg, Ho, La, Li, Mn, Mo, Nb, Nd, Ni, Pb, Pr, Rb, Sb, Sc, Se, Sm, Sn, Tb, Th, Ti, Tl, Tm, U, Y, Yb, Zn and Zr. It was observed that the ratio to Rb of Ag, Al, Au, B, Be, Bi, Br, Ce, Cr, Cs, Dy, Er, Fe, Gd, Hg, Ho, La, Li, Mn, Nd, Ni, Pb, Pr, Sb, Sm, Sn, Tb, Th, Ti, Tl, Tm, U, Y, Yb, and Zr mass fraction were significantly lower in cancerous tissues than in normal and BPH prostate. Finally, we propose to use the Rb/Ag, Rb/Al, Rb/B, Rb/Be, Rb/Bi, Rb/Br, Rb/Ce, Rb/Li, Rb/Mn, Rb/Pr, Rb/Sm, Rb/ Sn, Rb/Th, Rb/Tl, and Rb/Zr mass fraction ratios in a needlebiopsy core as an accurate tool to diagnose prostate cancer. Further studies on larger number of samples are required to confirm our findings and to investigate the impact of the trace element relationships on prostate cancer etiology.
